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ABSTRACT 
The Killam deep test, located one mile northeast of 
Valentine, penetrated the thickest sequence of Tertiary 
volcanic rooks (more than 6,ooo feet) known in Trans-Pecos 
Texas. The unusual thickness is attributed to deposition 
in a shallow basin that subsided throughout Tertiary time 
and to preservation in the structural low which was folded 
and faulted in late Tertiary time. Adjacent areas to the 
north and west were uplifted, while the basin near 
Valentine w~s downwarped. During the Quaternary period 
the basin received alluvial sediments from the nearby 
hills; more than 500 feet of alluvium was penetrated by 
the Killam well. 
Examination of well cuttings and thin sections of 
cuttings indicates eighteen volcanic units tentatively cor-
related with other volcanic rocks of the region. 
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I N T R 0 D U C T I 0 N 
Trans-Pecos Texas is one of the few regions in the 
United States containing large areas in which no detailed 
geologic work had been done as late as 1945. Its vast 
area, inaccessibility, the scarcity of water, and the lack 
of large and valuable mineral deposits exposed at the sur-
face are the main reasons for its neglect. For the 
present-day geologist the region is attractive tor two rea-
sons: the lack of thick soil and vegetation leaves a max-
imum amount of bedrock exposed tor study; the opportunity 
for original work is almost unlimited. 
Since 1949, candidates for the Master's degree at The 
University of Texas have been carrying out a program of 
geologic mapping of selected areas in Trans-Pecos Texas. 
This report, a part of that program, is the result of a~ 
investigation of the Valentine area. Interest in this area 
was aroused when it ,became known that the Kil~am deep test 
had penetrated more than 6,ooo feet of vol~anic rocks, 
the thickest volcanic .section yet reported in the region. 
The investiga.tion had a .. fourfold p.urpo.se: detailed mapping 
of tl:~e al;"ea, desQription of t.he stratigraphy on 1the sur-
face and in the well, explanat~on of the presence or such 
an extremely thick section of volcanic rocks, and correla-
tion of the rocks with those previously mapped in nearby 
are.as. 
The Valentine area of this report is in the southern 
part of Jeff Davis County, Texas. It includes parts of 
four 7 1/2-minute quadrangles. Within it are the town of 
Valentine and the Southern Pacific RaiLroad-sidings 
2 
Wendell and Rubio (Pl. I). The railroad and u. S. Highway 
90 cross the central part of the area, connecting Va1entine 
with Marfa on the southeast and Van Horn on the northwest. 
The majori tY: of the ar·ea is a part of the Y6 ranch. Por-
tions of the Miller, RoQsevelt, Nancy Jane, Bell, and Young-
blood ranches are in'cluded. 
PR..EVIOUS WORK 
The earli~st scientific work in the region was carried 
out by W. H. Emory of the United ~tates Army Engineers. He 
surveyed the boundary between Mexico and Texas, describing 
the region in a report to Cong:r_~ss in 1857. James Hall 
identified the fossils collected bytEmory and his party. 
W. H. von Streeruwitz did exploratory geology of the 
region in 1890, 1891, and 1893, studying the igneous rocks 
and ore deposits of the region. Samples of igneous rocks 
collected by von Streeruwitz were studied petrographically 
ftLATEAU 
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" and described by Osann (1892, 1896). 
During the early 1900's exploration or the region in-
creased steadily. Much or this work was done by C. L. 
Baker. Baker and Bowman studied the northern Davis Moun-
tains (1918), and Baker published a map and reconnais~ance 
report on the southwestern part or the region in 1927. 
G. B. Richardson (1904~ 1914), W. s. Adkins (1927, 
1932), E.· H.· ·Sellards, W. ·S. Adkins, and F. B. Plummer 
(1932), P. B. Ki~g (1935) and ,.many others co.ntributed to 
increasing knowledge or the ~egion. 
More detaile-d work began in· 1940 when J •. T. Lanadal:e 
described the geology and petrography of the Terling~a-
Solitario distr,ict. s. S. Goldich and M. ·A. Elms (1949) 
reported on the geology and petrography o~ the Buck Hill 
quadrangle; and G. K. Eifler, Jr. (1951) described the 
4 
geology or the Barrilla Mountains. Since 1948 numerous 
unpublished Ph.D. and Master's theses of The University or 
Texas have descri~ed many areas in detail. Those most 
pertinent to this investlgation are: Rix (1951), Hewit~ 
( 1952), Humble ( 1952), !faker ( 1952), Mc·Fall fl952), and 
Taylor (1952). 
METHODS 
During the first six weeks of the summer of 1952 the 
writer examined the samples of O. W. Killam's Cole A. 
Means No. 1, and conducted a preliminary reconnaissance of 
part of the Valentine area. During the second six weeks 
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of the summer the writer, jointly with ft. B. Wightman, 
mapped the areal geology. Aerial photographs (wit~ a scale 
of 3.7 inches to the mile) obtained from the Soil Conserva-
tion Service were used as base maps. The geology, drainage, 
and culture were drawn on acetate covers placed on the pho-
tographs. A stereoscope was used as an aid in identifying 
outcrops. Dip and strike measurements were obtained with 
a Brunton compass and a han~ level. Sections were measured 
with the hand level and a 6-foot steel tape. 
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TOPOGRAPHY AND DRAINAGE 
The town of Valentine, in the east-central part of 
the area, lies in the southern part of a basin of interior 
drainage, or bolson, known as Salt Basin. Five miles 
north of Valentine the Y6 Hills form the divide between 
the southern part of Chispa Creek and Michigan Draw, both 
of which drain into the Salt Basin to the northwest. The 
Y6 Hills as well as Rubio Dome, a low, elongate northwest-
trending anticline a mile south of u. s. Highway 90, are 
composed of Tertiary lava flows and tuffs. 
The valleys contain terrestrial sediments derived 
from the nearby hills and mountains. Elevations range from 
5,450 feet above sea level in the Y6 Hilla, to 4,125 feet 
above sea level in the valley of Chiapa Greek. 
Figure 1.- Northern front of the Y6 Hills. View is 
southwest from the center of Seo. 221. 
7 
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In addition to the two major streams in the area, Chis-
pa Creek and Michigan Draw, many small streams drain the Y6 
Hills, Rubio Dome, and the Tierra Viej~ Mountains. Owing 
to the high porosity of the upper Quaternary alluvium, some 
or them extend only a short distance into the bolson. Oth-
ers are actual tributaries or the main streams. They are 
all intermittent, but are powerful erosional agents. During 
the infrequent but extremely heavy rains the tributaries 
carry an enormous load. Alluvial tans extending from the 
Y6 Hills into the valleys contain boulders weighing several 
hundred pounds. The widely meandering courses or the two 
main streams indicate that they are approaching grade, but 
they still carry a large load or fine material when flowing. 
CLIMATE AND VEGETATION 
Tr~ns-Pecos Texas has • semiariq climate, yet tempera-
ture and precipitation vary considerably with topography. 
Although the town of Valentine lacks a weather station, 
a station tor recording ~fecipita~ion is located 10 miles to 
the ~outhwest on the Espy Miller ran9h. Sta~ions recording 
both precipitation and temperature are located at Van Horn 
and Marra. Yearly rainfalls recorded in 1950 and +951 by the 
Valentine station were 10.88 and 7.63 inches, respectively. 
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Older records show an average of about 13 inches over a 
four-year period from 1937 to 1940. 
Temperatures recorded at the Van Horn and Marfa U. S. 
Weather Bureau Stations range from a maximum or l08°F in 
June and July to a minimum of 5 to 7° from December through 
February. 0 Diurnal variations in temperature exceed 30 F 
throughout the year. 
The vegetation or the area is largely xerophytic, typ-
ical or semiarid regions of the Southwestern United States. 
Floral assemblages are partly dependent on lithology 
and topography, but there are no sharp changes that reflect 
formation boundaries. 
The bolson is covered with tobosa and other grasses, 
which are largely replaced by creosote bush tcovillea 
tridentata), prickly pear (Opuntia engelmannii), blackbush 
(Flourensia), allthorn (Koeberlinia spinosa}, and several 
species of yucca on Rubio Dome and the alluvial fans ex-
tending into the bolson from the surrounding hills. Sparse 
growths of prickly pe~r (Opuntia engelmannii), Nolina 
e~upens, sotol (Dasylirion leiophyllum), several species of 
yucca, and more rarely ocotillo (Fouguieria splendens) 
characterize the steep slopes of the lava flows, and the 
more gentle slopes or the intrusions. 
S U B S U R F A C E S T R A T I G R A P H Y 
GENERAL STATEMENT 
Most of the stratigraphic data in this report were ob-
tained from well cuttings of o. W. Killam's Cole A. Mean's 
No. 1 (Table 1), approximately one mile northeast of 
Valentine. A dry oil-test, this well was spudded April 30, 
1951, and capped and abandoned July 27, 1951, in lower 
Cretaceous sandstone at a total depth of 8,370 feet. It 
penetrated approximately 528 feet or Quaternary alluvial de-
posits (Pl. I), 6,022 feet or Tertiary lavas and tuffs, and 
1,810 feet of Cretaceous rooks. 
Identification of the Tertiary lavas encountered in 
the well presented a problem that could not be solved with 
the binocular microscope. Many are extremely fine grained, 
and individual minerals can be identified only when they 
occur as phenocrysts. Many a well-indurated tuff is diffi-
cult to distinguish from lava when only well cuttings are 
available unless the geologist is lucky enough to obtain 
samples that clearly show its elastic texture. Color is a 
poor criterion of rock type, but a help in locating unit 
boundaries. The Rock Color Chart (Goddard et al., 1948) was 
10 
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Table 1 
DRILLER'S LOG OF O. W. KlLLAM'S COLE A. MEANS NO. 1 
Location: 330 ft. FNL and 660 ft. FWL of Sec. 199, Blk. 4, 
H. and T. C. R. R. Co. Surv., 1 mi. NE Valentine 
Elevation: 4453.7 feet above sea level 
Commenced: Aprtl 30, 1951 Completed: July 27, 1951 
Depth in feet to 
bottom or described unit 
Surface 
Surface 
Shale and gravel 
Shale 
Sand and shale 
Shale 
Shale and lime 
Lime 
Shale shells ,and lime 
Shale chert and sand 
Sand lime and shale 
Volcanic material streaks sand and lime 
Volcanic material 
Volcanic material streaks lime 
Volcanic mate~ial and dolomite 
Volcanic material dolomite shale and lime 
Volcanic material and li~e 
Lime shale and volcanic material 
Lime and shal~ streak3 
Lime shale and sand 
Lime and volcanic material 
Lime shale and volcanic material 
Lime 
Lime shale volcanic material and sand 
Li~e shale and volcanic material 
Lime shale volcanic material and sand 
Lime shale and volcanic material 
Lime and shale 
Shale and sand streaks lime 
Total Depth 
41 
528 
~ 1].Q5 
1130 
242.S 
3115 
3140 
3153 
3202 
; 3235 
3500 
3680 
!>340 
6480 
6500 
6540 
6620 
6640 
68~Q 
6860 
6900 
6948 
7360 
7380 
7440 
7500 
7540 
7680 
8370 
8370 
12 
used during examination with the binocular microscope. Col-
ors given are lighter than the rocks in the outcrop on ac-
count of the tendency or the pieces of cuttings to transmit 
more light. 
Electric and drilling-time logs were used as an aid in 
distinguishing the limits of the rook units below the depth 
ot 3 1 500 feet. The electric curves obtained from both the 
tuft and basalt sequences are quite erratic. Both S P 
and resistivity curves fluctuate from high to low values 
over short intervals, resembling those of thin, interbedded 
sandstone, limestone, and shale. In the basalts, the anom-
alies are probably due to variable texture and grain size in 
the individual flows, and weathered, vesicular, and amygda-
loidal intervals. The tufts, of course, vary widely in com-
position, grain size, and induration from bed to bed. The 
curves obtained from intervals containing rhyolite show 
relatively uniformly high values resembling those obtained 
from thick, massive limestone and dolomite. The uniformity 
of the curves obtained from the rhyolites is not surprising, 
for the rhyolites themselves are uniformly fine grained and 
dense. 
13 
CRETACEOUS SYSTEM 
Cretaceous marine sedimentary rocks with an aggregate 
thickness of 1,810 feet occupy the interval from 8,370 to 
6,560 feet in the well. Thus their elevation ranges from 
2,097 to 3,917 feet below sea level. Cuttings of these 
rooks were examined with the binocular microscope, but 
no detailed study was made. Both Comanche and Gulf series 
are probably present. A thin section of a specimen, from 
the interval from 6,650 to 6,640 feet, contains abundant 
foraminifera. Dr. S. P. Ellison, Jr., tentatively identi-
fied the genera Anomolina, Globigerina and Globotruncana; 
he stated that the assemblage is Del Rio in age or younger. 
The interval from 8,370 to 7,650 feet consists chiefly 
of sandstone. The sand is clear, colorless, angular-to-
subangular, and medium-to-fine grained. It contains thin 
beds of limestone and gray green (5G 6/1) pyritic shale. A 
grayish black (N2} fine-grained, fissile shale 30 feet thick 
immediately overlies the sandstone. 
The interval from 7,600 to 6,890 feet contains a brown-
ish gray (5YR 4/1), hard, stylolitio limestone. The inter-
val from 6,890 to 6,680 feet contains a white, fine-grained 
limestone, the upper 20 feet of which is fossiliferous, 
containing many small shell fragments. Overlying the white 
limestone is a brownish gray (5YR 4/1), hard, fine-grained 
14 
limestone containing thin beds of soft dark gray (N4) cal-
careous shale; it occupies the interval from 6,680 to 6,560 
feet, and is overlain by Tertiary tuff and lava. 
No Cretaceous rocks are exposed in the Valentine area, 
as that area is defined in this report (Pl. I). The nearest 
exposures of Cretaceous rocks are in the Hogeye quadrangle, 
north of the Valentine area. They consist of 100 feet of 
Boracho sandstone overlain by about 340 feet of Kent Station 
limestone. These formations are of Fredericksburg (?) 
through Weno (?) age. The sandstone is conglomeratic at 
the base, grading upward into fine- to medium-grained sand-
stone, and finally, into the limestone without any apparent 
unconformity. They unoonformably overlie a Permian lime-
stone, and are in turn overlain by Tertiary volcanic rooks. 
These Cretaceous rocks are probably equivalent to part of 
the interval from 8,370 to 6,890 feet in the well. 
To the west of Valentine, on the western side of the 
Tierra Vieja mountains a thickness of more than 3,500 feet 
of Cretaceous rocks was estimated by Throop (1949). They 
range from Trinity to Terlingua (Austin) age. The lower 
part of this section consists chiefly of sandstone and lime-
stone; the upper part, of thin-bedded limestone, marl and 
clay. The Terlingua formation is chiefly clay, 1,500 feet 
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thick in the Needle Peak quadrangle. The Boquillas forma-
tion is 800 feet thick; the lower pa~t, composed of lime-
stone and thin beds of marl, probably is equivalent to the 
uppermost limestone present in the well at Valentine. 
TERTIARY SYSTEM 
Tertiary volcanic rocks penetrated by the Killam deep 
test are 6,032 feet thick. They occupy the interval 
from 528 to 6,560 feet, at elevations from 3,926 feet above 
sea level to 2,106 feet below sea level. 
Tuff Tl 
Tuff Tl is 220 feet thick. It occupies the interval 
from 6,340 to 6,560 feet in the well and is composed of 
thin- to medium-bedded tuft varying in color, composition, 
and induration. 
Petrography.- The basal 50 feet is a light gray (N7) to 
pale yellowish brown (lOYR 6/2) well-indurated, calcareous, 
rhyolitic tuff. A thin section shows calcite scattered 
in small discrete grains and irregular masses throughout an 
ash matrix. Small, angular quartz and feldspar crystal 
fragments comprise about 20 per cent of the rook. 
The interval from 6,420 to 6,500 feet contains tuff 
ranging from pale green (5G 7/2) and very light gray (NS) 
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to white. In the interval from 6,470 to 6,460 the matrix is 
well indurated, and composed largely of ash. It contains a 
few shards, and many small angular to subangular quartz and 
feldspar crystal fragments. A few small fragments of augite, 
olivine, and calcite are visible in the thin sections. 
The interval from 6,410 to 6,420 contains a light gray 
(N6) welded tuff or ignimbrite. The groundmass has a 
pilotaxitic texture. It contains about 5 per cent of bent 
shards up to 0.25 mm long, 3 to 5 per cent of rounded glass 
fragments, and about 5 per cent of round to subround quartz 
fragments. A few small augite and olivine fragments are 
visible. Fractures are filled by secondary quartz. As only 
one thin section is available for this tuft, the true thick-
ness is unknown. The electric log indicates a probable 
thickness of 30 feet. 
The interval from 6,340 to 6,410 contains thin-bedded 
turf and sandstone, ranging from white through yellow gray 
green (5YR 8/1) to pale green (5G 7/2), and from well con-
solidated to loosely consolidated. 
A basalt flow 30 feet thick is present in the interval 
from 6,360 to 6,390, 20 feet from the top of turf Tl. The 
basalt is gray black (N2) and has an ophitic texture. About 
50 per cent of the rock is plagioclase feldspar laths 
averaging 0.2 mm long; 10 per cent is augite; 25 per cent is 
chlorite, probably an alteration product of the augite or 
olivine. 
Lava T2 
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Lava T2 consists of several basalt flows. Although the 
exact number is difficult to determine, examination with 
the petrographic microscope and correlation of electric and 
lithologic logs indicates at least seven, possibly eight, 
flows. The unit is 440 feet thick, and occupies the inter-
val from 5,900 to 6,340 feet in the well. The most 
common colors are grayish black (N2), medium gray (N5), and 
medium light gray (N?). The top 20 feet is brownish black 
(5YR 2/1), and vesicular, containing a white radiating zeo-
lite (probably natrolite) in some of the vesicles. A second 
vesicular zone occurs in the interval from 6,300 to 6,310 
feet. 
Petrography.- A thin section in the interval from 6,330 
to 6,340 feet shows the basal part of this unit to be light 
gray basalt (N7) with an intergranular texture. About 65 
per cent of the rock is composed of plagioclase laths up to 
0.25 mm long. Augite and chlorite comprise about 25 per 
cent; the augite occurs in discrete grains up to 0.15 mm in 
diameter, most of it surrounded by chlorite, one of its al-
teration products. Olivine is present in amounts up to 10 
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per cent. A very little iddingsite and a few ore minerals 
are present. 
In the interval from 6,310 to 6,320 feet the basalt is 
vesicular and slightly ophitic. Plagioclase feldspar laths 
up to 0.25 mm long comprise about 75 to 80 per cent, and 
subhedral augite crystals 0.50 mm long about 10 per cent. 
Ore minerals constitute the remainder of the rock. 
A thin section from the interval 6,270 to 6,280 feet 
shows the rock to be composed of subhedral plagioclase laths 
0.17 mm long. About 15 per cent is alteration products, 
probably limonite. A few small discrete grains of idding-
site are present, and many extremely small (less than 0.04 
mm) needle-like crystals of apatite. Secondary calcite 
fills fractures and a few small amygdules. 
The interval from 6,150 to 6,160 feet is grayish black 
(N2) basalt. It has a well-developed trachytic texture. 
About 75 per cent of the rock consists of thin plagioclase 
laths up to 0.25 mm longj augite, in grains up to 0.17 mm 
constitutes 5 per cent; 20 per cent is alteration products 
in small grains averaging about 0.10 mm in diameter. 
In the interval from 6,120 to 6,130 feet the basalt has 
a hypautomorphic granular texture. Euhedral to anhedral 
feldspar eomprises 75 per cent of the rock. About 80 per cent 
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of the feldspar is plagioclase. Olivine, most of which has 
been altered to iddingsite, occurs in subhedral to anhedral 
crystals averaging about 0.10 mm in diameter. Alteration 
products comprise about 5 per cent, occurring in grains 
about 0.10 mm in diameter. 
The interval from 6,040 to 6,050 feet contains porphy-
ritic basalt. As the rock has been altered, mineral identi-
fication is difficult. About 80 per cent of the groundmass 
is plagioclase feldspar in subhedral laths about 0.25 mm 
long. 
The interval from 5,990 to 6,ooo feet contains basalt. 
It has a granular texture. Subhedral to euhedral plagio-
clase feldspar constitutes 60 per cent of the rock; sub-
hedral augite in crystals averaging 0.50 mm in diameter, 20 
per cent; olivine, in crystals averaging 0.30 mm, 5 per cent. 
Antigorite and chlorite, alteration products of the olivine 
and augite, constitute about 5 per cent; ore minerals, about 
10 per cent, occurring in grains about 0.13 mm in diameter. 
In the interval from 5,930 to 5,960 feet the rock is 
porphyritic basalt.· The groundmass has trachytic texture. 
It is composed of 80 per cent plagioclase feldspar laths 0.17 
mm long; 5 per cent iddingsite occurring in small discrete 
grains; and 15 per cent alteration products. The phenocrysts 
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are compound, with zeolites replacing feldspar. Secondary 
quartz fills fractures in the rock. 
Tutt T3 
Tuff T3 is 310 feet thick. It occupies the interval 
from 5,590 to 5,900 feet in the well and is predominantly 
tuff, but contains a few thin beds of sandstone. 
The basal 90 feet of this formation is thin-bedded, 
well-indurated, multicolored tutr, the colors ranging from 
white through gray, green, and pink to brown. It is over-
lain by a pale green (5G 7/2) fine-grained, well-indurated 
tuff 60 feet thick, above which lies another sequence of 
thin-bedded, multicolored tuff and sandstone. The upper-
most 30 feet of this formation consists of a pale red 
(5R 6/2), hard, well-indurated tuff. 
Petrography.- Only three thin sections are available.' 
The interval from 5,700 to 5,710 feet has a matrix consist-
ing largely of ash. It contains a few small, angular 
fragments of quartz and feldspar, and small, rounded frag-
ments of rhyolite, trachyte, and basalt. 
The interval from 5,690 to 5,700 feet contains rhyo-
litic turf. The matrix is composed almost entirely of ash. 
It contains many round- and subround-glass fragments and 
a few shards. A few angular quartz and feldspar fragments 
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are scattered throughout the rock. 
The interval from 5,620 to 5,630 feet is also rhyolitic 
tuff, very similar to that from 5,690 to 5,700 feet, QUt 
contains almost 5 per cent angular quartz and feldspar frag-
ments. 
Lava T4 
Lava T4 is 270 feet thick. It occupies the interval 
from 5,320 to 5,590 feet in the well, and is composed of 
several medium gray (N5) rhyolite flows. The electric log 
indicates the presence or three separate flows 30, 90 and 
150 feet thick, respectively. 
Petrography.- The interval from 5,580 to 5,590 feet 
contains fine-grained granular rhyolite. Quartz and feld-
spar together comprise about 90 per cent of the rock. The 
remaining 10 per cent consists of unidentified alteration 
products in small grains and irregular masses. 
The interval from 5,350 to 5,360 feet contains hypauto-
morphic granular rhyolite. About 75 per cent of the rock 
is anhedral to euhedral alkali feldspar srystals averaging 
0.17 mm long; 10 per cent is anhedral quartz. Mafic miner-
als constitute 15 per cent; most of them are soda-rich 
amphiboles occurring as small anhedral grains and irregular 
masses that are pleochoric from light to dark green. 
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The intervals from 5,450 to 5,460 and 5,480 to 5,490 
feet also contain rhyolite similar to the one last described. 
The amphibole crystals are larger, ranging from tiny grains 
to euhedral crystals 0.50 mm long. The feldspar crystals 
are also larger, giving the rock a subfelty texture. 
Lava T5 
Lava T5 is 350 feet thick. It occupieB the interval 
from 4,970 to 5,320 fe~t in the well and consists ot several 
rhyolite flows of varying composition. ~ome contain less 
than 10 per cent quartz, but en9ugh to be ~la~sed ~s rhyolite 
rather than trachyte. 
The electric log. indicates the presence or at least 3 
flows. The lowest of these is medium brown (5YR 3/4) 
rhyolite 110 feet thick, with an amygdaioidal zone 30 feet 
thick near the bottom. It is overlain by medium gfay 
(N5) to grayish red (lOR 4/2) ~hyolite 80 feet ~hick. T4e 
top 20 feet is amygdaloidal, conta~ning chalcedony. The 
upper 150 feet of this unit is grayish red purple (5RP 4/2) 
to pale red purple (5RP 6/2) rhyol~te. It is porphyritic 
in part, and may c~nsist of several thin flows. 
Petrography.- The intervals from 5,310 to 5,3,20 and 
5,260 to 5,270 feet contain microporphyritic rhyolite. It 
has trachytic texture, and is slightly amygdaloidal. The 
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groundmass is altered and ironstained, but some quartz and 
alkali feldspar are visible. A fev alkali feldspar crystals 
from 0.17 to 0.50 mm long are easily identified. Amygdules 
are filled by quartz and calcite. 
The interval from 5,190 to 5,200 feet contains micro-
porphyritic rhyolite. It has well-developed trachytic tex-
ture. It contains about 75 per cent alkali feldspar in 
laths about 0.20 mm long. Phenocrysts of the same mineral 
range from 0.50 to 1 mm in length. About 10 per cent 
of the rock is anhedral quartz; 10 per cent consists or 
unidentified opaque minerals and alteration products; and 
about 5 per cent is soda-rich amphibole. 
The interval from 5,060 to 5,070 feet contains rhyolit-
ic flow-breccia. The groundmass has a felty texture, and 
contains rounded fragments of similar material. The ground-
mass is partly obscured by limonite. Where visible it 
consists of about 65 per cent alkali feldspar, 20 per cent 
quartz, 10 per cent other alteration products, and 5 per 
cent amphibole (?). 
The interval from 5,040 to 5,050 feet also contains 
rhyolite. It has mrcrographic texture, and is composed of 
70 per cent anhedral to euhedral feldspar laths less than 
0.17 mm long, 20 per cent anhedral quartz, and 10 per cent 
soda-rich amphibole occurring in small grains and subhedral 
crystals scattered throughout the rock. 
The interval from 5,000 to 5,010 feet contains micro-
porphyritic rhyolite. It has trachytic texture and con-
tains about 75 per cent alkali feldspar in laths up to 0.13 
mm long. Phenocrysts qf the same mineral are about 0.30 mm 
long. Quartz comprises about 10 per cent of th~ rock. The 
remaining 15 per cent oqnsists of alte~atio~ products. 
The interval from 4,980 to 4,990 feet contains rie-
beckite rhyolit~. It has miorographic texture, composed of 
radiating and irregular intergrowths of quartz and alkali 
fel:dspar. From 15 1to 20 pe.r cel;lt of the :rock is riebecki te, 
occurring in irregular mas~es. 
Lava T6 
Lava T6 is 390 feet thick. It occupies the interval 
from 4,580 to 4,970 feet in the well and is composed en-
tirely of basalt of varying composition, color, and texture. 
The electric log indicates the presence of three or four 
separate flows. Colors range from dusky red (5R 3/4) at the 
base, through several shades of gray and greenish gray, to 
grayish red (5R 4/2) at the top. A vesicular zone occurs in 
the interval from 4,660 to 4,670 feet, but the remainder of 
this unit is fine grained and dense. 
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Petrography.- The basalt from 4,950 ~o 4,960 feet has 
well-developed ophitic texture. Plagioclase feldspar laths 
averaging 0.17 mm are included in augite phenocrysts up 
to 2 mm long. The plagioclase comprises 40 per cent, the 
augite 30 per cent of the rock. The remainder consists of 
iron oxide and other alteration products. 
The interval from 4,830 to 4,840 feet contains olivine 
basalt. It has intergranular texture with augite occurring 
in small discrete grains around plagioclase laths averaging 
0.13 mm long. Augite constitutes 20 per cent of the rock; 
plagioclase 50 per cent; and olivine comprises 10 per cent. 
Most of the olivine is rimmed by antigorite, which also 
fills fractures in it. Much of the remainder of the rock is 
composed of small grains and crystals of ore minerals, some 
of which are included in augite. Chlorite, an ~lteration 
product of both olivine and augite, occurs in irregular mass-
es and accounts for less than 2 per cent of the components. 
The rock in the 4,650 to 4,660 feet has well-developed 
ophitic texture. Plagioclase laths averaging 0.17 mm in 
length comprise about 50 per cent of the rock. Augite con-
stitutes 15 per cent, occurring in crystals up to 0.50 mm 
long. About 20 per cent of the rock is olivine rimmed with 
antigorite, which also fills fractures within it. Chlorite 
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or antigorite, occurring in irregular masses adjacent to au-
gite and olivine constitutes 15 per cent of the ro~k. 
The rock from 4,600 to 4,610 feet, like the others, has 
well-developed ophitic texture. About 50 per cent of the 
rock is plagioclase laths about 0.17 mm long; about 25 per 
cent is augite in crystals up to 1 mm long; olivine con-
stitutes another 10 per cent. No chlorite or antigorite is 
present. Iddingsite is present in irregular masses sur-
rounded by other alteration products. Together they consti-
tute 15 per cent of the rqc~. 
Lava T7 
Lava T7 is 330 feet thick. It occupies the interval 
from 4,250 to 4,580 feet in the well and is composed entire-
ly of rhyolite. It may consist of more than one flow; yet 
no anomalies within the unit are shown by the electric log, 
and thin sections are almost identical. Colors observed 
with the binocular microscope vary from grayis~ red (5R 4/2) 
at the top to medium light gray (N6) throughout the middle 
and lower intervals. 
Petrography.- Five thin sections, from the intervals 
from 4,490 to 4,500, 4,350 to 4,360, 4,330 to 4,340, and 
4,260 to 4,270 feet, are all microporphyritic rhyolite with 
poorly-developed felty texture. The groundmass consists of 
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from 55 to 75 per cent alkali feldspar in subhedral and eu-
hedral laths averaging 0.17 mm in length. Anhedral quartz 
comprises 10 to 20 per cent or the groundmass. From 5 
to 15 per cent consists or a light green, nonpleochoric- to 
weakly-pleoehoric amphibole occurring in fibrous, irregular 
masses. Phenoerysts are composed of alkali feldspar ranging 
from 0.5b to 0.25 mm in length. 
Lava TS 
Lava TS is 140 feet thick. It occupies the interval 
from 4,110 to 4,250 feet in the well and consists of a basal 
tuff 20 feet thick, overlain by 120 feet of rhyolite. The 
tuff is moderate orange pink (lOR 7/4), fine grained, and 
well indurated. The flow ranges from moderate red (5R 5/4) 
to grayish red (5R 4/2). It is slightly porphyritic and has 
an aphanitic groundmass. No thin sections are available for 
this unit. 
Lava T9 
Lava T9 is 190 feet thick. It occupies the interval 
from 3,920 to 4,110 feet in the well and consists of a basal 
tuff 10 feet thick overlain by rhyolite. The tuff is mod-
erate red (5R 4/5), and well indurated. 
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Petrography.- The flow is grayish green (lOGY 5/2) rie-
beckite rhyolite. It has well-developed spherulitic texture. 
Individual crystals of quartz and feldspar are SQ ~mall 
that they are difficult to distinguish even at high magni-
fication. Together they constitute about 80 per cent of the 
rock. Riebeckite occur~ in moss-like, irregular patches 
throughout the rock, and is pleochoric from light gray to 
dark blue black. 
Lava TlO 
Lava TlO is 110 feet thick. It occupies the interval 
from 3,810 to 3,920 feet in the well. It consists of vitro-
phyre overlain by rhyolite. 
Petrography.- The pale reddish brown (lOR 5/4), vitro-
phyre is 20 feet thick. The overlying flow is a grayish red 
purple (5RP 4/2) rhyolite with spherulitic texture. Quartz 
and alkali feldspar together comprise about 70 per cent of 
the rock. About 10 per cent is soda-rich amphibole, occur-
ring in subhedral cryatals and irregular moss-like patches. 
The remainder of the rook consists of alteration products. 
Lava Tll 
Lava Tll is 760 feet thick. It occupies the interval 
from 3,050 to 3,810 feet in the well. 
29 
The basal 10 feet consists or light red (5R 6/6), well-
indurated, rhyolitio tuff composed of small angular feldspar 
and quartz fragments up to O.l? mm in diameter, and a few 
small angular fragments of mafic minerals in an impure ash 
matrix. 
Immediately overlying t~e basal tuff is a thick sequence 
of rhyolitic lava flows. CQlors range from medium gray (N5) 
in the lower and middle flows to gra7ish red (5R 4/2) at the 
top. Most of the flows are slightly porphyritic. 
Petrography.- Eight thin sections from the interval 
from 3,220 to 3,650 feet are all strikingly similar and do 
not merit individual description. Intergrowths of quartz 
and feldspar in extremely small crystals, comprise about 75 
per cent of the groundmass, giving the rook a granophyrio 
texture. 
The remainder is chiefly soda-rich amphibole occurring 
in irregular masses and small, anhedral crystals. Most of 
the thin sections contain from one to three alkali feldspar 
phenocrysts averaging about 0.50 mm in length. 
The rocks from 3 1 200 to 3,210 and 3,150 to 3,160 feet 
are similar in composition to the others, but have striking 
spherulitic textures. 
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Lava Tl2 
Lava Tl2 is 30 feet thick. It occupies the interval 
from 3,020 to 3,050 feet in the well and is pale red purple 
(5RP 6/2) basalt with trachytic texture. About 50 per 
cent of the rock seems to consist of plagiociase feldspar 
laths averaging 0.20 mm in length. Owing to alteration all 
but 10 per cent of the remainder is unidentifiable. The 
rock originally probably contained olivine, because the 10 
per cent mentioned above consists largely of iddingsite. 
Tuff Tl3 
Tuff Tl3 is 790 feet thick. It occupies the interval 
from 2,230 to 3,020 feet in the well and is composed largely 
of tuff, but contains at least one bed of fresh water lime-
stone. As in the other thick tuffs of the area, the indi-
vidual beds vary considerably ~n color, induration and com-
position. Colors of the beds range through various shades 
of red, brown, and gray. 
Petrography.- Only two thin sections are available for 
this unit. The interval from 2,300 to 2,310 feet contains 
fossilifer9us fresh water limestone. High-spired gastropod 
protoconchs (?) about O.l mm long are replaced by cal-
cite. This slide also contains two types of algae (?), both 
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about 0.50 mm long; one extremely thin and needle-like, and 
the other about 0.10 mm wide. 
The interval from 2,400 to ?,410 feet contains well-
indu~ated vitric turf. The matrix is chiefly ash. Nearly 
15 per cent of the rock consists of sub-round glass fragments 
and shards with an average length of 0.17 mm. Less than 5 
per cent is quartz, alkali-and-plagioclase-feldspar crystal 
fragments. 
Lava Tl4 
Lava Tl4 is the lowest unit of a thick sequence of 
basaltic and intermediate flows found in the upper part of 
the well and on the surface. Samples are missing tor the 
interval from 1,760 to 1,900 feet and the interval from 
2,100 to 2,200 feet. Lava Tl4 occupies the interval from 
2,230 feet to an undetermined point in the interval from 
1,760 to 1,900 feet, and is between 330 and 470 feet thick. 
It is light gray basalt. When observed with a binocular 
microscope iron oxides and ferromagnesian minerals give the 
samples a speckled appearance which is characteristic of the 
whole sequence, making it difficult to determine the number 
or flows present. 
Petrography.- The three thin sections of cuttings from 
Lava Tl4 contain basalt. The rock from 2,200 to 2 1 210 feet 
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has a traohytic texture. About 60 per cent of the rook con-
sists or plagioolase feldspar laths 0.17 mm long. Augite 
ooours in small, discrete grains, accounting for less than 5 
per cent of the rock. The remainder is composed or altera-
tion products. 
Thin sections from the intervals 1,950 to 1,960 and 
1,940 to 1,950 contain the same rook. It has a granular tex-
ture. The feldspars are subhedral, but have a higher index 
than balsam. About 65 per oent of the rook is plagioolase. 
Olivine and iddingsite comprise about 5 per oent each. Apa-
tite occurs in tiny needles, forming less than 1 per oent 
of the rook. The remainder consists of alteration products. 
Lava Tl5 
Like that of Lava Tl4, the thickness of Lava Tl5 is 
undetermined. It occupies the interval from 1,900 feet to a 
point in the interval from 1,690 to 1,760 feet. It is be-
tween 70 and 210 feet thick. 
It is a light gray basalt with the speckled appearance 
characteristic of this upper sequence. 
Petrography.- Two thin sections are available: that 
from the interval 1,740 to 1,750 feet has two basalts with a 
similar composition, one coarser grained than the other. Both 
contain from 40 to 60 per oent plagioolase feldspar laths. 
Augite, olivine, iddingsite, and chlorite in small grains 
constitute 20 to 30 per cent. 
The thin section from the interval 1,690 to 1,700 
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feet resembles the more coarsely-grained basalt in the in-
terval from 1,740 to 1,750 feet. It has an ophitic texture. 
About 60 per cent of the rock is plagioclase feldspar laths 
with an average length of 0.17 mm. Augite constitutes 
15 per cent, antigorite (?) about 10 per cent, and idding-
site about 5 per cent; chlorite, ore minerals, and brown- to 
opaque-alteration products constitute the remainder of the 
rock. 
Lava Tl6 
Lava Tl6 occupies the interval from 1,550 to 1,690 feet 
in the well. It is 140 feet thick and contains both tra-
chyte and basalt. It resembles the other units of this se-
quence when observed with the binocular microscope and con-
tains a red amygdaloidal zone 10 feet thick at a depth of 
1,590 feet. 
Petrography.- The interval from 1,670 to 1,680 feet 
contains trachyte, but the trachytic texture is poorly devel-
oped, for the feldspar is anhedral to subhedral. About 
65 per cent of the rock is feldspar, of which about 90 per 
cent is alkali feldspar, and 10 per cent is plagioclase. 
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Most of the remaining minerals are altered: olivine has 
altered to ohlorite and iddingsite. A few small grains of 
augite are reoognizaQle. 
The interval from 1,660 to 1,670 feet contains basalt 
with well-developed trachytic texture. About 75 per cent 
of the rock consists of euhedral plagioclase feldspar laths 
up to 0.25 m~ lQng. The remainder of the rock consists of 
brown to opaque alteration products 
The interval from 1,590 to 1,600 feet contains an amyg-
daloidal rock. Chalcedony fills the amygdules. The 
groundmass is so badly altered that its composition was not 
determined. A thin section from the interval 1,600 to 
1,610 feet contains two fragments. One is trachyte, simi-
lar to that from the interval 1,660 to 1,670 feet; the 
other is trachybasalt that has an ophitic texture. or the 
feldspar that constitutes about 50 per cent of the trachy-
basalt, plagioclase is slightly more plentiful than alkali 
feldspar. Augite comprises about 10 per cent; olivine with 
typical mesh structure formed by antigorite, about 15 per 
cent; iddingsite and chlorite together, about 5 per cent; 
magnetite about 15 per cent. The remainder consists of al-
teration products. 
Lava Tl7 
Lava Tl7 occupies the interval from 1,550 to 1,200 
feet. It is 350 feet thick and is composed of light gray 
basalt, trachybasalt, and trachyte. These have similar 
appearances under a binocular microscopeJ and since 
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each thin section contains two fragments of different rock 
types, they were considered as a single unit. 
Petrography.- The four thin sections from this unit 
fail to show rock types at a certain depth with any 
accuracy, but probably reflect the overall composition 
fairly well. 
A thin section from the interval 1,480 to 1,490 feet 
contains a basalt that has a trachytic texture. Plagi-
oclase laths averaging 0.20 mm in length comprise 50 per 
cent of the rock. A few small discrete grains of augite 
constitute about 5 per cent; iddingsite and antigorite to-
gether constitute as much as 15 per cent; and the remain-
der consists of alteration products. 
A thin section from the interval 1,480 to 1,490 feet 
contains basalt that has a trachytic texture. Plagioclase 
laths averaging 0.20 mm in length comprise 50 per cent of 
the rock. A few small discrete grains of augite consti-
tute about 5 per cent; iddingsite and antigorite together 
constitute as much as 15 per cent; and the remainder con-
sists of alteration products. 
This thin section also contains a trachyte fragment. 
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Its groundmass is composed chiefly or very small, anhedral 
alkali feldspar laths constituting about 85 per cent 
of the rock; 15 per cent ore minerals and alteration prod-
ucts in tiny grains, scattered throughout the groundmass. 
Phenocrysts consist of augite, and alkali feldspar contain-
ing needles of apatite (?). 
The interval from 1,440 to 1,450 feet contains an 
ophitic basalt of which 50 per cent consists of plagioclase 
feldspar laths up to 0.25 mm long, and at least 30 per cent 
of augite. No olivine is present, but iddingsite comprises 
10 per cent of the rock. The remainder consists of altera-
tion products. 
This thin section also contains a trachybasalt frag-
ment. About 40 per cent of the rock consists of feldspar, 
more than half of which is plagioclase. Hornblende (?) oc-
curs in phenocrysts constituting about 10 per cent; idding-
site (?) constitutes another 10 per cent; the remainder 
consists of alteration products. 
The thin section from the interval 1,340 to 1,350 
feet contains basalt with a poorly-developed felty texture. 
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Plagioclase (?) constitutes about 40 per cent of the rock; 
the other 60 per cent consists of brown- to opaque-altera-
tion products. No unaltered phenocrysts are present. 
Another fragment in the slide is an intergranular ba-
salt of which 65 per cent consists of plagioclase laths 
from 0.17 to 0.25 :mm long. Small discrete grains of augite 
comprise about 15 per cent. At least 20 per cent of the 
rock consists of alteration products. 
The thin section from the interval 1,270 to 1,280 
feet contains trachyte with well-developed trachytic tex-
ture. Laths of alkali feldspar averaging 0.25 mm long com-
prises about 80 per cent of the rock, plagioclase about 
20 per cent. About 10 per cent is amphibole (?) dispersed 
in irregular masses throughout the groundmass. Alteration 
products constitute the remaining 10 per cent. 
Lava Tl8 
Lava Tl8 probably occupies the interval from 528 to 
1,200 feet in the well. 
The driller's log (Table 1) is the only basis for plac-
ing the top of these flows at a depth of 528 feet. The sam-
ples start at a depth of 1,120 feet, but consist largely of 
Portland cement from 1,120 to 1,200 feet. The few pieces 
of lava observed are dark gray. As only two thin septions 
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are available, the composition of these flows remains doubt-
ful. 
Petrography.- A thin section from the interval 1,140 to 
1,130 feet contains a fragment of rhyolite that has micro-
graphic texture. Probably this rhyolite is from surface 
gravel that caved into the well. The nearby outcrop of Ter-
tiary lavas do not contain rhyolite that can be correlated 
with rhyolite at this depth in the well. Furthermore, 
the thin section also contains fragments of basalt and tra-
chyandesi te. 
The basalt in this slide is badly altered, but a few 
laths of plagioclase and alkali feldspar are visible. Idding-
site constitutes more than 5 per cent of the specimen; other 
alteration products comprise most of it. 
A thin section from the interval 1,120 to 1,130 feet 
contains an analcime trachyandesite. About 70 per cent of 
the rock is feldspar, the majority of which is plagioclase 
feldspar. It contains about 5 per cent analcime, and 25 per 
cent alteration products. 
Another slide from the same interval contains trachy-
basal t. It has a well-developed trachytic texture. Feldspar 
laths averaging 0.25 mm long constitute 80 per cent of the 
rock; about 5 per cent is iddingsite, occurring in small, dis-
crete grains throughout the rock; and 15 per cent consists ol 
other alteration products. 
S U R F A G E S T R A T I G R A P H Y 
TERTIARY SYSTEM 
T60 Rhyolite 
With the exception of one small outcrop ot questionable 
T50 (Humble, 1951) on the north side of the intrusion in 
the center ot the NE 1/4 of Sec. 344 (Pl. II), the T60 rhyo-
lite (Rix, 1951) is the oldest formation exposed in the Val-
entine area (Pl. I). It overlies the TSO and, in the writ-
er's opinion, is equivalent to the T60 mapped by Rix. 
The T60 outctop forms a semicircular pattern around.the 
northern edge of the Y6 Hills. The upper part forms low ver-
tical cliffs, 10 to 50 feet high, whereas most of the lower 
part is covered with angular blocks of talus. Its maximum 
measured thickness is 266 feet, but the base is not exposed. 
The rhyolite is medium hard, with a hackly fracture 
and an aphanitic groundmass. Phenoorysts of alkali feldspar 
are abundant. Biotite is present as phenoorysts large enough 
to be seen with the naked eye. Colors vary from greenish 
gray (5G 5/1) to grayish red (lOR 4/2). Weathered surfaces 
are moderate brown (5YR 3/4), grayish brown (5YR 3/2), and 
dark gray (N2}. 
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Petrography.- T60 is a porphyritic rhyolite. The 
groundmass has a felty texture, containing 65 per cent al-
kali feldspar in microlites up to 0.20 mm long, 10 to 15 per 
cent anhedral quartz, and about 20 per cent alteration prod-
ucts. Euhedral phenocrysts of alkali feldspar average 1 mm 
in length. The chief accessory minerals are biotite, augite 
(?), aegerite-augite (?), and muscovite. 
T70 Formation 
Directly overlying the T60 rhyolite is a sequence of 
trachyte, andesite, and basalt forming the T70 formation. 
It has a maximum thickness of 446 feet, and maintains 
a fairly uniform thickness throughout the area. Distin-
guishable individual flows range from one to four. In the 
east-central part of Sec. 207 (Pl. II), it contains four 
flows separated by the containing flow breccia up to 
28 feet thick, but these breccias change rapidly in thick-
ness, and disappear altogether for short intervals as the 
flows are traced laterally. 
In Sec. 207 the four flows consist of trachyte at the 
base, overlain in ascending order by basalt, another tra-
chyte and a basalt. The trachytes are light brownish gray 
(5YR 6/1) and contain mafic minerals in irregular aggre-
gates, giving them a mottled appearance. The basalts are 
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darker, ranging from medium gray (N5) to dark gray (N3). All 
these flows are platy, causing them to weather into "flags" 
between one and four inches thick. Where partially uncov-
ered by weathering, small, elongate masses of these "flags" 
protruding a few inches above the surface, strike and dip in 
every conceivable direction, forming circular pattern or 
i t ti t 1 t 900. n ersec ng a ang es up o Similar structure is also 
typical of TSO, and occurs in T9o· half a mile northwest of 
the Y6 headquarters (Secs. 130, 151, and 152, Pl. II) on the 
road to the Moon ranch. Because the flaggy units intersect 
each other, and in no way conform to the attitude of the 
flows, the writer believes that the structure is a result of 
cooling phenomena rather than movement of the lava. 
Petrography.- The lowest flow is trachyte. The rock 
is composed almost entirely of alkali feldspar laths averag-
ing about 0.25 mm long. Phenocrysts of the same mineral 
are up to 1 mm long. Brown- to opaque-alteration products 
comprise less than 10 per cent of the rook. 
The lowest basalt has an intergranular texture. Sub-
hedral plagioclase laths up to 0.30 mm long comprise about 
75 per cent of the rock. Nearly 25 per cent of the rock 
consists of altered ferromagnesian minerals in grains up to 
0.2 mm in diameter. 
Figure 2.- Platy structure in T90. The outcrop is 
in the NE 1/4 of Sec. 151. Viewed northwest. 
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The upper trachyte has a trachytic texture; its ground-
mass is very fine-grained. Alkali feldspar predominates, but 
this rock contains from 10 to 20 per cent plagioclase. Phe-
nocrysts are up to 0.25 mm long. About 10 per cent of the 
rock consists of alteration products. 
The uppermost flow is basalt. Extremely small laths and 
a few phenocrysts of plagioclase comprise about 80 per cent 
of the rock. Many tiny discrete grains of augite (?) give 
the rock an intergranular texture. 
T75 Rhyolite 
In Secs. 379 and 380, in the northwestern corner of the 
Valentine area, the T75 rhyolite interfingers with the T70 
formation. It overlies the basal-basalt flow of T70, and is 
in turn overlain by the tracbyte. The rhyolite is moderate 
brown (5YR 4/4) with black, irregular spots up to 5 mm 
in diameter caused by segregation of ferromagnesian minerals. 
It has platy structure, weathering into "flags" up to 4 inch-
es thick. As this rhyolite was not mapped by Humble (1951) in 
the area to the north, and as it contains many small, frac-
tured phenocrysts of alkali feldspar, it appears likely that 
the flow was very viscous at the time of its extrusion and 
was limited to a small area. A hasty reconnaissance of the 
area to the northwest bears out this assumption. 
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TSO Formation 
The TSO formation includes a basal tuff overlain by a 
lava flow. At the hill to the southeast of the mouth of 
Earthquake Canyon (Pl. II) the formation is 452 feet thick. 
It thins rapidly to the west, and is absent on the western 
side of the Y6 Hill. 
The tuff has a pale red (5R 7/2) matrix. It is exposed 
in but few places, for most of it is covered by talus from 
overlying flows. Like the lava, it also pinches out to the 
west. 
The lava is medium dark gray (N4) porphyritic trachy~ 
basalt with an aphanitic groundmass containing abundant 
feldspar phenocrysts. Although its maximum thickness is 390 
feet, it is strikingly uniform, and is undoubtedly a single 
flow. In many places it has platy structure similar to 
that of T70, but the platiness is not a diagnostic feature. 
Where the platy structure is absent, it weathers into large 
angular blocks. 
Petrograph~.- The tuff is coarse-grained, well-indurated 
turf-conglomerate. The matrix consists largely of ash and 
small, angular crystal fragments of feldspar, hornblende, 
quartz, augite, and biotite. Large angular fragments of the 
same minerals are plentiful. Rounded pebbles of lava are 
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visible in the hand specimen, and both rhyolite and trachyte 
are present in the thin section. 
The trachybasalt has porphyritic texture. The ground-
mass is extremely fine-grained. Feldspar constitutes 60 per 
cent, alteration products 40 per cent. The groundmass con-
sists of both alkali and plagioclase feldspar. Phenocrysts 
of plagioclase are plentiful and evenly distributed. Acces-
sory minerals include muscovite, zircon, sphene, and augite. 
T90 Formation 
The T90 formation is the youngest lava in the area. It 
forms the southern slope of the Y6 Hills, and also crops 
out in the Rubio Dome and other low hills in the bolson. It 
has a minimum thickness of 446 feet in the Y6 Hills, where 
the uppermost units have been removed by erosion. The number 
of flows in this unit was not ascertained. Colors range 
from medium light gray (N6} to black (N2) on fresh surfaces. 
The rocks weather to various shades of gray or light brown. 
Talus from this unit is in the form of angular blocks, aver-
aging less than a foot in diameter, that cover outcrops of 
lower flows and make walking difficult. Most of the flows in 
the T90 formation are basalt. 
Petrography.- A basalt, from the T90 formation in the 
Y6 Hills, has an intergranular texture. About 60 per cent of 
Figure J.- Platy structure in T90 . The outcrop is 
in the NE 1 /4 of Seo. 151. Viewed northeast. 
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the rock is feldspar, of which about 80 per cent is plagio-
clase. Iddingsite constitutes nearly 20 per cent, occurring 
in grains up to a.JO mm in diameter. Tiny discrete grains 
of augite (?) occur throughout the groundmass. Alteration 
products form the remainder of the rock. 
Intrusive Rocks 
Five intrusive masses, four small basaltic dikes and a 
rhyolitic stock, were mapped by Wightman and the writer in 
the Valentine area. The four dikes are all small and verti-
cal, or nearly so. Probably they were intruded along small 
joints duri~g a late stage of volcanic activity. 
Rhyolite stock.- The exact size of the stock is diffi-
cult to determine, for the topography is low and rolling, 
and the top or the intrusive mass is la~gely covered by Qua-
ternary deposits. Isolated outcrops of the intrusion pro-
trud~ above the alluvium in an area of approximately 4 1/2 by 
3 miles in the northwest corner of the Valentine area (Pl. 
II). Its discordant contact with lava T60 just west of Rito 
tank, Sec. 221, is clearly evident. Nearby outcrops are fine 
grained, platy, and have a good flow structure resembling a 
lava. To the west, the rock is more coarsely grained. 
At the hill just east of Pumice well (SE 1/4 or Sec. 380, 
Pl. II) the intrusive rock is rhyolite porphry. Phenocrysts 
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of quartz, feldspar, biotite, and hornblende are visible in 
an aphanitic groundmass. Two hundred yards east the pheno-
crysts are fewer and smaller. The rock becomes more finely 
grained in extending eastward and is essentially non-porphy-
ri tic in the vicinity of Rito tank. Where coarse-grained, 
the rhyolite has very light gray (NS) groundmass and weath-
ers to dark gray (NJ) and light brownish gray (5YR 6/1). The 
fine-grained rhyolite is very light gray (N8) with streaks 
of pale red (lOR 6/2). It weathers to light gray (N7). The 
best exposures 0£ this stock are in the SE 1/4 of Sec. 380, 
the west-central part of Seo. 321, and at the common corner 
of Secs. 279, 280, 293, and 294. 
The groundmass of the rhyolite porphyry has a texture 
ranging from granular to spherulitio, It is composed of 20 
per cent quartz and 80 per cent alkali feldspar. Hornblende 
is the most abundant of the accessory minerals. Plagioclase 
feldspar, apatite, zircon, augite, calcite, and sphene are 
found sparingly throughout the rock. 
The more finely grained portion 0£ the rhyolite has a 
granular or sub-felty texture. Alkali feldspar laths 
averaging less than 0.17 mm long constitute 80 per oent of 
the rock; anhedral quartz comprises 15 to 20 per cent; apa-
tite is present in amounts less than 2 per cent. Less than 
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5 per cent consists or alteration products. 
Seo. 36 dike.- The dike in Sec. 36, near the small vent-
like hill of T90 (Pl. II) is 3 feet wide; its outcrop is in 
Gozar gravel through which it extends tor about 60 feet, 
but there is no evidence to indicate that it is post-Gozar. 
The dike strikes N7°w and dips 87°NE. It is dark gray (N3) 
weathering to light gray (N7). 
The rock is porphyritic basalt. Laths of plagioclase 
feldspar averaging 0.25 mm long comprise 60 to 75 per cent of 
the matrix; small grains of muscovite, biotite, and augite 
(?) together constitute 15 to 20 per cent. Phenocrysts 
of hornblende, biotite, muscovite, and olivine are plentiful 
throughout the rock. Hornblende is the most conspicuous; it 
can be seen readily with the naked eye. 
Dowman Basin dike.- The dike in the Dowman Basin, Sec. 
222 (Pl. II), is about 3 feet wide and is exposed for 
less than 30 feet. It is pale red (5R 6/2) deepiy-weathered 
basalt (?). A few laths of feldspar were identified as pla-
gioclase. Iddingsite is the only other recognizable mineral. 
Rito Tank dike.- Another dike occurs in the intrusion a 
few hundred feet southwest or Rito tank. It is almost 
identical in appearance with the one in the Dowman Basin. 
Pumice Well dike.- The fourth basaltic dike also cuts 
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the intrusion in the NE 1/4 of Sec. 379 (Pl. II). Because 
the rock is black (N2), this dike may be easily distin-
guished from the surrounding rooks on aerial photographs. 
Age and Correlation 
Tertiary volcanic rocks are found throughout a large 
area in Trans-Pecos Texas and northern Mexico. They are 
separated from the underlying Cretaceous rocks by an uncon-
formity. These Tertiary rocks have been mapped and de-
scribed in detail by Goldioh and Elms (1949) in the southern 
Davis Mountains, and by Eifler (1951) in the Barrilla 
Mountains on the northeastern flank of the Davis Mountains. 
In addition, several areas in the Davis Mountains have been 
mapped and described by graduate students of The University 
of Texas (G. B. Baker, 1952; Barnhill, 1950; Brundrett, 
1954; Hewitt, 1951; Humble, 1951; McAnulty, 1953; McFall, 
1952; Rix, 1951; Taylor, 1952; Wheeler, 1954; Zabriskie, 
1951; Zimmerman, 1950). 
The exact age of most of these rocks has not been es-
tablished at the present time. Berry (1919, p. 4) described 
a flora collected by C. L. Baker from the basal tuff of the 
Barrilla Mountains as lower Eocene. A non-marine molluscan 
fauna collected by Barnhill also from the basal tuff of the 
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northern Davis Mountains was identified by T. C. Yen of the 
U. S. Geological Survey, and A. A. Olsson of the Academy 
of Natural Sciences of Philadelphia; they both considered it 
as indubitably Tertiary in age (Barnhill, 1950), but were 
uncertain as to its position within the Tertiary. C. L. 
Baker (1934, p. 15) found a tooth of Hyracodon in the basal 
tuft o.f the northern Davis Mountains on the Casey ranch 11 
miles west of Balmorhea. The Pruett formation in the 
southern Davis Mountains, and the basal tuft ot the nearby 
Tierra Vieja have both yielded vertebrate remains. These 
. 
are discussed in detail by McAnulty (1953, pp. 94-96). They 
are considered to be upper Eocene (Duchesnean} in age, and 
include two species of Hyracodon according to Stovall (1948, 
p. 89). 
The ages of stratigraphic units above the Pruett are 
mainly a matter or speculation. No vertebrate remains have 
yet been found in the Duft or Tascotal formations, and no 
method or age determination of lavas is known at the present 
time. Goldich and Elms (1949, p. 1144) tentatively assign 
the Duff formation to the Oligocene on the basis of a non-
marine gastropod fauna. Although in most places the Duff 
formation is predominantly tuff, north of Alpine, Texas, 62 
miles east of Valentine on U. s. 90, the tuff interfingers 
• 
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with acidic lava flows (McAnulty, 1953, pp. 81-83). North or 
Cathedral Mountain, these flows thicken, and the Durr forma-
tion is composed chiefly of trachyte and rhyolite. 
Plate III is an attempt to correlate in a strictly ten-
tative manner the Tertiary rocks of the Valentine area with 
those of some other mapped areas in the Davis Mountains. 
It shows the Pruett formation continuing northward from the 
southern Davis Mountains, overlain by rhyolites and thin turr 
members that are considered Duff equivalents by the writer. 
Another possible interpretation is that the Pruett pinches 
out and is overlapped by a succession of rhyolites and tuffs 
of Duff and younger age. On account or the absence ot tuff 
in the Durr formation north of Alpin~, and the presence of 
Hyracodon in both the Vieja turr and the basal tuff of 
the northern Davis Mountains, the writer believes that the 
basal tuft throughout the Davis Mountains and the Tierra 
Vieja is of Pruett (upper Eocene) age. 
The correlations shown on Plate III are based on petro-
graphic similarity and on stratigraphic position. This ten-
tative correlation may well be revised when additional pale-
ontological evidence is obtained and more areas are mapped. 
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QUATERNARY SYSTEM 
The Quaternary deposits of the Valentine area consist 
of four mappable units. Three or these, the Calamity, 
Neville, and Gozar formations, have been named and described 
by Albritton and Bryan (1939) and Holasek (1952). The 
fourth, the pre-Gozar gravel designated QPg on the map, is 
the oldest. These formations are only the upper part or 
a thiek sequence of Cenozoic sedimentary deposits partially 
tilling the Valentine bolson. 
The post-lava deposits reach a thickness of at least 
872 feet at Valentine (Baker, 1924, p. 139). One mile 
northeast of Valentine in O. W. Killam's Means No. 1, they 
are 528 feet thick according to the driller's log (Table 1). 
Pre-Gozar Gravel 
A well-dissected gravel bench between Rubio Dome and 
Chispa Creek that probably extends southeastward beyond the 
area is distinguished from the Gozar by relative position 
and content. The pre-Gozar gravel contains pebbles, cobbles, 
and boulders of fossiliferous Cretaceous limestone, as well 
as those of Tertiary volcanic rocks. 
Figure 4.- Gozar gravel containing boulders from 
the T90 formation. Caliche pit in SC of NE 1/4 
of Sec. 362. Viewed northward. 
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Gozar Gravel 
The Gozar gravel occurs throughout the topographically 
low parts of the area. It forms the fans extending into 
the valley from the Y6 Hills. At their base and on the 
flanks of Rubio Dome it forms benches above the Neville. In 
the valley it is exposed in the stream channels underlying 
the Neville. The Gozar is a well-indurated- to poorly-
indurated conglomerate. The matrix is composed of clay-, 
sand-, and silt-size particles. It contains caliche in ir-
regular lenses and nodules. Pebbles, cobbles, and boulde~s 
of Tertiary igneous rocks are distributed throughout the 
matrix. 
Neville Formation 
The Neville formation is exposed over most of the bol-
son, overlying the Gozar, or Tertiary rooks where the Gozar 
has been eroded. The matrix consists of sand-, silt-, 
and clay-size particles. It contains calichified pebbles, 
and caliche in narrow lenses and small nodules. It is light 
brown or orange. 
Calamity Formation 
The Calamity formation is restricted to the vicinity 
of present water courses. It consists chiefly of silt- and 
clay-size particles with some sand. A high percentage of 
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organic matter gives it a dark brown or gray color. The 
contact of the Calamity and the Neville is gradational, at 
least in part. The gradational contact was discovered by 
digging in an attempt to locate a definite contact with the 
Neville in the valley near Chispa Creek. It seems probable 
that a large part of the Calamity was formed by reworking 
of the Neville formation during flood stages. 
Figure 5.- The 
tion exposed 
Gozar gravel 
hind writer. 
Sec. 375. 
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writer standing on the Neville forma-
in the East Branch of Chispa Creek . 
in creek bed ; Calamity formation be-
View looking northwest from center of 
G E 0 L 0 G I C H I S T 0 R Y 
At present any detailed interpretation or the geologic 
history of the Valentine area must necessarily begin with 
Cretaceous time. Although Paleozoic rocks are present 
in the area immediately to the north, and are probably pres-
ent under the bolson, they have not yet been penetrated by 
the drill. 
According to King (1935, p. 237) the Valentine area was 
above sea level during Triassic and Jurassic time. At the 
beginning of Cretaceous time, the Trinity sea began its slow 
advance northward and eastward from Mexico. At least by the 
end of Trinity time this sea had reached the Valentine area, 
depositing sandstone. Deposition of this sandstone probably 
continued through most of Fredericksburg time. The rapid 
thickening of the sandstone from the area to the north, where 
it is 100 feet thick, indicates that the Valentine area must 
have remained near the shoreline for a long time. The over-
lying black shale, which may be equivalent to part of the 
sandstone in the area to the north, was probably deposited in 
a stagnant lagunal area. 
From upper Fredericksburg time through Eagle Ford 
or Austin time, the sea probably covered the Valentine area, 
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depositing limestone, calcareous shale, and marl. The age 
of the beds above the Del Rio is in doubt, but, since 
upper Cretaceous sedimentary formations are present to the 
west and to the north of the Valentine area, they undoubt-
edly were also deposited here. 
Toward the end of Cretaceous time the region was 
uplifted and subjected to folding and faulting. The Hogeye 
quadrangle to the north was domed. The site or the Y6 Hills 
was on the southern flank of this dome, and the present 
site of Valentine was on the northern limb of a northwest-
ward-trending syncline. The diastrophism was followed by an 
erosional period long enough to lower the relief consider-
ably, although peneplanation did not occur. 
In early Tertiary time, probably upper Eocene, the re-
gion became the scene of widespread volcanic activity which 
lasted throughout the greater part of Tertiary time. At 
the beginning of the volcanic activity the eruptions were of 
the violent type. At Valeniine and elsewhere throughout 
the region the oldest of the volcanic rocks are pyroclastic. 
At least 210 feet of tuffaceous sediments overlie Cretaceous 
rocks in the bolson near Valentine. Their presence indi-
cates that the area was topographically low when the vulcan-
ism started. 
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The initial violent eruptions were followed by the ba-
saltic flows of T2. These flows probably did not reach the 
Hogeye quadrangle; but basaltic flows in the upper part of 
the basal tuff reported by Humble (1951) and Rix (1951) may 
have occurred at about the same time. 
The basaltic flows of T2 were followed by another vio-
lent eruption that resulted in the deposition of 310 feet of 
tuft in the area. The upper 30 feet of this turr is pale 
red (5R 6/2), possibly due to weathering. 
The next stage of vulcanism resulted in a sequence of 
rhyolitic lavas with an aggregate thickness of 610 feet. 
Tuff is entirely lacking in the sequence, and was probably 
not deposited. The similarity or these flows suggests 
that they were extruded in fairly quick succession in spite 
of their great thickness. 
After the thick sequence of rhyolites was extruded, it 
was covered by the basalts of T6. Basalt flows are rare in 
the northern Davis Mountains; their source was probably to 
the south or southeast. Their aggregate thickness is 390 
feet. There are at least three separate flows each of which 
could have extended for some distance. The composition of 
the rocks above and below the basalts of T6 is similar. This 
also suggests the possibility that the basalt had a differ-
ent source. 
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The period following the extrusion of T6 saw the rep-
etition of a cycle of violent eruptions followed by extru-
sions of lava resulting in deposition of lavas T7, TS, T9, 
TlO, and Tll, separated by thin beds of tuft. Their aggre-
gate thickness is 1,530 feet. 
Lava Tl2 followed the extrusion of the rhyolite. This 
basalt is only 30 feet thick. In the thin section it shows 
many alteration products, probably a result of weathering. 
After the partial erosion of lava Tl2 violent eruptio.ns 
again covered the lavas with tuft. Tuff Tl3 is 790 feet 
thick. A fresh-water limestone bed is present at the top, 
indicating a lacustrine environment for the upper part 
of the unit. The absence of this tuff in the Y6 Hills is 
due either to non-deposition or uplift and erosion. A rhy-
olitic intrusion on the north side of the Y6 Hills followed 
deposition of the tuft. The exact age ot the intrusion is 
not known, but it occurred after the thick sequence of rhy-
olite underlying Tl2 and Tl3, for the rhyolite at the base 
of the Y6 Hills has been intruded. 
The latest stage of vulcanism in the area resulted in 
the deposition of 1,692 feet of lava flows, ranging in 
composition from basaltic to trachytic, and the intrusion 
of small basaltic dikes along fractures in the older rocks. 
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During the early stages or the period of vuloanism the 
Valentine area was in a shallow subsiding basin that prob-
ably extended from the southern part of the Hogeye quadran-
gle at least as far as the western edge of the present site 
of the Tierra Vieja Mountains. The tuff sections in the 
well at Valentine, and the Vieja tuft both oontain sandstone 
and limestone, which were probably deposited in a topograph-
ically low area. After the deposition of Tuff Tl3, in la~e 
Tertiary time, the Y6 Hills, Rubio Dome, and the Tierra 
Vieja were uplifted. The intrusions at the northern edge 
of the Y6 Hills and those in the Hogeye quadrangle probably 
rose along zones of weakness caused by folding and faulting. 
Extrustons of the thick sequence of basaltic flows found on 
the surface and in the upper part of the well occurred after 
uplift or the Y6 Hills had begun and Tuff Tl3 had been 
eroded, for this tuff is absent in the Y6 Hills. Since the 
tuff is 792 feet thick a mile north of Valentine, non-
deposi tion only 9 miles away seems unlikely. The basaltic 
rooks are gently folded, so their extrusion must have occur-
red before movement ceased. 
Volcanic activity ceased by the end of the Tertiary. 
From the beginning of the Pleistocene to the present 
the bolson has been receiving terrestrial sediments from the 
surrounding hills and mountains. 
S T R U C T U R E 
From the southern slopes of the Y6 Hills to the Killam 
deep test, the lavas dip gently to the south at an angle of 
approximately 6°. Dip measurements on the northeastern side 
of Rubio Dome show the lavas dipping toward U. S. Highway 90 
at a low angle, indicating that the structure in the lavas 
is gently synclinal in the bolson at Valentine. Rubio Dome 
could be due to either folding or faulting or a combination 
of the two. No reliable dip measurements were obtained 
along its western flank, so there is a possibility that its 
elevation is due to faulting. The topography suggests fold-
ing since there is no recognizable scarp; yet Rubio Dome 
lies on the line of strike of the northwest-trending fault 
at Capote, just beyond the Valentine area to the southeast. 
The structure at Valentine is a result of two distinct 
periods or deformation. Cretaceous rocks exposed to the 
north and the west show Laramide folding followed by late 
Tertiary deformation. The unconformity between the two sys-
tems is only slightly angular, and the younger features con-
form in a general way to the earlier structure. This is 
probably true of the Valentine area itself, although no Lar-
amide structural features are exposed. 
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